providers, four measures were chosen to be relevant and actionable (from rheumatologists' perspective) in RD patients. Data from RD patients were used to develop clinical vignettes across a range of symptom severity. Vignettes were created based on most likely item responses at different levels on the T-score metric (mean = 50; SD = 10) and anchored at 5-point intervals (0.5 SDs). Patients with RD (N = 9) and clinical providers (N = 10) participated as expert panelists in separate one-day meetings using a modified educational standard setting method. Results Four domains (physical function, pain interferences, sleep disturbance, depression) that are actionable at the point-of-care were selected. For all domains, patients endorsed cut-points at lower levels of impairment than providers by 0.5 to 1 SD (e.g., severe impairment in physical
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function was defined as a T-score of 35 by patients and 25 by providers). Conclusions We used a modified educational method to estimate clinically relevant cut-points to classify severity for PROMIS measures This allows for meaningful interpretation of PROMIS ® measures in a clinical setting of RD population.
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Purpose
Chronic medical conditions, such as rheumatic diseases (RD), have a detrimental effect on self-reported physical, mental, and social health, i.e., health-related quality of life (HRQOL) [1, 2] . RDs are diverse with variable impact on HRQOL, can fluctuate over time, and may mirror disease flares [3] [4] [5] . A patient-reported outcome (PRO) is any report of the status of a patient's health condition that comes directly from the patient, without interpretation of the patient's response by a clinician or anyone else [6] . PROs can supplement clinical decision making by aiding assessment and management of these conditions. There is increased enthusiasm within the rheumatology research community to integrate PRO measures with clinical assessments [7, 8] .
The National Institutes of Health Patient-Reported Outcomes Measurement Information System (PROMIS ® ) Roadmap initiative (available at http://www.nihpromis. org) is a cooperative research program designed to develop, evaluate, and standardize item banks to measure PROs across patients with varying medical conditions and in a cross section of the US population [9] . The aim of PROMIS ® is to use item response theory (IRT) to develop reliable and valid item banks that can be administered as short forms and computerized adaptive tests (CAT) [10, 11] . As it improves measurement precision, it lessens burden on the patient. PROMIS short forms are available for incorporation in the electronic medical records [12] .
As PROMIS measures move from psychometric development and validation stage to bedside, there is an urgent need to assess on what to measure and how to interpret these in clinical care. Therefore, the aims of this study are-(1) Identify PROMIS health domains relevant to the care of patients with RD, (2) Collect T-Score information for these domains across patients with varied RD, and (3) Identify clinically meaningful cut-points for these domains.
Methods
This study was approved by the Institutional Review Board at University of Michigan (UM) prior to participant enrollment. The study was conducted in three phases.
Phase 1
We conducted four focus group discussions among practicing rheumatologists to obtain their input on various formats of a PROMIS report card, to optimize ease of interpretation, and track utility in longitudinal clinical care. We held multiple sessions to incorporate all the clinicians who volunteered to participate in this phase. Each session started with an overview of PROMIS ® followed by a patient score report of representative PROMIS CAT measures. The report contained a heat map indicating the T-scores for each measure in comparison to the general US population, and description of the individual scores as T-scores with standard error of mean. We asked the following questions to the panelists: (i) What do you think of this report? (ii) Do you understand what this report is communicating? (iii) Is there anything you would change about the format of the report?
Phase 2
We recruited a convenience sample of RD patients aged 18 and over during routine clinic visits. A study titled 'PROMIS in rheumatology' was created on the Assessment Center SM , an online data collection tool that enables researchers to create study-specific websites for capturing participant data securely. Thirteen PROMIS CAT measures were chosenanger, anxiety, depression, fatigue, pain behavior, pain interference, physical function, physical function with mobility aid, satisfaction in roles and activities, sleep disturbance, sleep-related impairment, ability to participate in social activities, and social isolation. In recent studies, PROMIS measures can identify the impact of different RDs across a range of domains of physical, mental, and social health, which prompted us to use these 13-PROMIS CAT measures [8] . A unique login and password were provided to the subjects at the time of registration, and the subjects were consented electronically. Eligible subjects had to be able to read and interpret English, possess computer skills (to access the study site and complete the questionnaire), and be willing to give consent for study participation.
Each participant completed the demographic information, self-reported rheumatic diagnoses, and the PROMIS measures. Subjects completed the PROMIS measures using either a hand-held device or a desktop in a clinic examination room, or accessed the study through their home computer.
Each subject was assigned a unique identification number using a computer-based system. Only de-identified data were used in the analyses.
Phase 3
The aim in this phase was to create meaningful cut-points for chosen PROMIS measures in patients with RD. The clinical providers who participated in Phase 1 were asked to choose domains that should be incorporated for routine clinical care of RD patients. The providers were informed that we plan to include these domains in clinical practice in the near future. The providers agreed on limiting the assessment to four domains, keeping in mind the workflow of a busy rheumatology practice. Hence, providers, based on consensus, agreed on the four (of the thirteen PROMIS domains from phase 2)-physical function, pain interference, sleep disturbance, and depression. They felt these domains were actionable and could be incorporated in the first stage of dissemination in clinical practice. On the other hand, they felt that some domains such as fatigue are multifactorial and difficult to address in clinical practice, so was chosen not be incorporated as a domain in this initial stage. The rheumatologists acknowledged that fatigue is common in RD and should be considered in future.
Creating clinical vignettes
We used real-person data collected from patients with RD as part of phase 2. The scores in PROMIS measures are computed to a T-score metric where the mean of 50 represents the average level of the domain for US General Population and 10 is the standard deviation. It is important to note that US General Population is a representative population and not 'healthy' population. For positively worded concepts, a T-score of 60 is one standard deviation (SD) better than average; on the other hand, for negatively worded concepts, a T-score of 60 is one SD worse than average. Thus, the metric provides a normative context for scores; for example, a T-score of 70 indicates a level of outcome that is two standard deviations above the mean in the reference sample. Numerical T-score values are generated for the different PROMIS measures. However, in RD patients these different T-scores for the chosen domains, have not been uniformly defined and classified in terms of representing clinical severity of RD.
We adapted the 'Bookmark standard-setting procedure' in creating clinical vignettes at different cut-points. This method is routinely used in educational and psychological testing. An essential feature of this method is the use of IRT to "map" items onto a proficiency distribution where cut-scores (standards) are set [13] . We implemented this concept to 'map' items for the four PROMIS measures onto a severity distribution around the mean T-score. Recently, the bookmark method has been used in creating meaningful cut-scores in patients with multiple sclerosis (MS), juvenile inflammatory arthritis (JIA), and in oncology setting [14] [15] [16] .
Using the real-patient data from phase 2, we created clinical vignettes based on symptom severity (Supplementary file) taking into consideration the minimum and maximum scores for each measure from the cohort. We identified target locations on the T-score metric that were five points (0.5 SD units) apart. The vignettes were set at 2.5 and 7.5 T-score levels, so that bookmarks were at 0.0 and 0.5 T-score units. For each target location, we identified predicted responses for every item in each bank. We chose a wide range of PROMIS items from each bank for the development of the vignettes to prevent panelists from comparing vignettes' items side by side, and determining severity by comparing responses to the same items across vignettes. Each vignette had a clinical narrative and predicted responses for five items. These vignettes were created around the target locations on the T-score metric with a difference of 0.5 SD between them.
Pre-workshop assignment
We identified two different panelists-patients and clinical providers. We contacted a random sample of patients with different RDs, who were under the care of rheumatologists at University of Michigan. We provided detailed information about the study and patient panel participation in focus group discussions. Most of the clinical providers in the panel had previously participated in Phase 1, and other providers were sent electronic mail messages requesting their participation. Both panels were provided with the details of the study and informed consent was obtained. Prior to the inperson workshop, we mailed panelists a packet of materials. This packet included: (a) clinical vignettes color coded for each PROMIS domain, (b) Scoring sheets for each set of vignettes. Written instructions were provided that asked panelists to-(a) work on one set of vignettes at a time, (b) rank the vignettes in the order of severity, and (c) mail the rank order list to the investigators.
In-person workshop
We conducted 2-day expert panel meetings-patients on day 1 and providers on day 2. The panel meetings began with introductions, followed by a warm-up exercise to acquaint participants with the bookmarking method, and then review of the clinical vignettes. Patient panelists began by completing their demographic information and PROMIS global health short form. For each domain, panelists were provided with clinical vignettes (the same vignettes had been mailed to them), and rank order list of the vignettes was presented, based on sequential order of the T-scores for each of the vignettes. Next, working individually, panelists placed the vignettes in front of them from the one representing the least to the one representing the most severe difficulty in a given domain. In successive steps, they placed bookmarks at thresholds between no problems and mild problems, mild and moderate problems, and, moderate and severe problems. The thresholds for levels of severity were calculated. These were the mean scores of the locations of the two vignettes that bordered the bookmark location. Panelists were then encouraged to discuss and evaluate the consequences of their cut-scores, and were allowed to change their bookmark locations. The same cycle was repeated for each domain.
Results

Phase 1
Eleven practicing rheumatologists participated in the phase 1 of the study. In total, we held four focus group sessions. We summarized the data and presented our questions to the panelists (described in the "Methods" section). All rheumatologists agreed on the following: (i) T-scores of the PROMIS domains should be presented as thermal graphs or "heat maps" for easy interpretation, (ii) for better comparability, average T-scores of two different reference populations should be provided for each domain-US general population (PROMIS standard) and rheumatology patients seen at the University of Michigan, (iii) it would be useful to include an easily recognizable pictorial depiction of the most bothersome domain and an appropriate actionable item, and (iv) present the "concering zone" where a rheumatologist may consider an action (Fig. 1a, b) , similar to recent guidance from Patient-Centered Outcomes Research Institute (PCORI) on integrating PROs in EMR [17] .
Phase 2
In this phase of the study, 217 patients with RD were recruited as a convenience sample. The majority of patients were women (78%) and Caucasian (82%; Table 1 ). Table 1 also shows the mean T-score metrics for this convenience sample. Except for physical function (with and without mobility aid), satisfaction with social roles and activities, and ability to participate in social activities, the rest of the domains are negatively worded. The mean T-scores for physical function with mobility aid (42) and without mobility aid (40), fatigue (58), and pain interference (58), were 0.8-1 SD worse than the US general population.
Phase 3
Clinical vignettes
In our cohort, the PROMIS measures had different range of T-scores noted in previous studies-(i) for depression, T-score range 42.5 to 82.5 (nine vignettes), (ii) for pain interference, T-score range 47.5 to 82.5 (eight vignettes), (iii) for physical function, T-score range 12.5 to 72.5 (twelve vignettes), and (iv) for sleep disturbance, T-score range 32.5 and 82.5 (ten vignettes) [18] . Cut-scores for different severity levels were assigned the value of the mean of the upper and lower vignette scores delimiting the cut-point (e.g., if the cut-point was chosen by panelists between the two vignettes corresponding to T-Scores of 32.5 and 37.5, then the severity cut-score would be 35). The location of vignettes was chosen so that the mean would be an integer value, for ease of use. It is important to note that mean T-score for these domains crosses that of general US population (50), with the range of scores around this mean.
Focus group discussion
Nine patients and ten providers participated in the expert panel meetings. The baseline demographics and RD diagnosis of the patient panelists are shown in Table 2 .
Eight of the nine patients were women. Patients began the workshop by completing a PROMIS global health short form. The mean (SD) of the physical health T-score was 38 (± 7), and mental health T-score was 46 (± 10). The ten clinical providers comprised practicing rheumatologists (6), rheumatology nurse practitioners (2), rheumatology fellowin-training (1), and an occupational therapist with expertise in RD (1). Based on provider consensus in Phase 1 and T-scores of PROMIS measures from the Phase 2, we chose the following four PROMIS measures for phase 3-physical function, pain interference, sleep disturbance, and depression. Clinical vignettes were created for these measures based on the symptom severity. Table 3 summarizes the consensus-derived cut-scores and Fig. 2 shows the ranking of the vignettes for the four domains and classification into different severity categories, by the patient and provider panelists.
Across all measures, patients classified the categories with a T-score distribution that was within 0.5-1 SD, with the exceptions of 'mild impairment' in physical function (65-45) and 'moderate impairment' in sleep (45-60). The pattern was similar with providers, with the exception of mild impairment (60-45) and moderate impairment (45-25) in physical function. The patients selected cut-points at lower level of impairments than the providers across all measures. Except for pain interference, patients classified lower T-score as indicative of 'no problem.' For example, the cut-score in the patient classification indicating 'no problem' in physical function was > 65, compared to > 60 in provider classification (sleep disturbance < 35 vs. < 45, depression < 45 vs. < 55). The same trends were observed across other categories in all PROMIS measures. For example, patients judged sleep disturbance to be moderately impaired at lower scores (45-60) than did providers (55-65). Likewise, patients judged physical function to be severely impaired at a higher score (< 35) than did providers (< 25). When comparing results across measures, there was more agreement on the cut-points for pain interference across panelists. The panelists agreed on selected cut-points for all categories, except for severe category in pain interference, where the cut-points were within 0.5 SDs of each other (Table 3) . We considered the proportion of patients in the UM cohort that would fall into each severity category according to the panelists' cut-scores (Table 3) . Based on these, a majority of patients (75-96%) would be classified as having mild to moderate problems with physical function. There was large variability in patients classified as having severity impairment in physical function. Across all measures, patient panelists categorized a higher percentage of the scenarios as indicating severe impairment, compared to the providers-physical function (24% vs. 2%), pain interference (27% vs. 11%), sleep disturbance (33% vs. 14%), depression (22% vs. 8%). For pain interference, 53% of patients were categorized to have none or mild problems, while 47% had moderate or severe problems. With regard to sleep disturbance, considerable variability was observed at higher severity levels categorized as moderate and severe problems (86% by patient cut-point, vs. 51% by provider cut-point).
With respect to depression, there was variability in classification of patients based on the panel groups. Based on the patient cut-point, 14% of patients were classified as not having depression (vs. 67% by provider cut-point), 53% were classified to have mild depression (vs. 11% by provider cutpoint), and 22% had severe depression (vs. 8% by provider cut-point).
Discussion
Using an iterative process, we have used focus group consensus and a modified educational standard setting method to choose PROMIS domains that are actionable in clinical care and estimated clinically relevant cut-scores for PROMIS measures using clinical vignettes developed from patients with different RD. There is increased interest in integrating PRO measures to electronic health records (EHR) and many barriers/steps to accomplish this goal have been identified [17] . Rather than prescribing one 'right way' in achieving this aim, the consensus is to consider different options depending on the organization and the context for this integration. Some of the key questions to facilitate PRO integration to EHR include-(i) which outcomes are important to measure for a given population?, (ii) how should the responses be interpreted, (iii) how should PRO data be displayed, and (iv) how will the providers act upon. We have attempted to answer some of these questions which is relevant to RD population [17] . Our rheumatologists chose four PROMIS domains: physical function, pain interference, sleep disturbance, and depression, based on their importance in published literature and they were considered actionable at the point-ofcare. Recently published literature supports our choice of the PROMIS domains [19] . In a prospective cohort of RA patients who completed PROMIS questionnaires across 11 domains, significant impairment was reported in physical function, pain and fatigue scales, sleep disturbance, and emotional distress [20] . An international group of RA patients and providers agreed on following as essential domains for describing RA flare-pain, physical function, sleep, emotional distress, and fatigue [21] . Further, the American College of Rheumatology (ACR) in collaboration with the National Committee for Quality Assurance, endorsed the measurement of functional status in rheumatoid arthritis as part of the Physician Quality Reporting System. ACR recommends the PROMIS ® physical function scale as one of the measures to assess functional status [7] . In a cross-sectional study of SLE patients, mean PROMIS T-scores for fatigue, pain interference, sleep disturbance, and physical function were worse than the general US population [22, 23] . These findings are similar to the results from phase 2 of our study, where mean PROMIS T-scores for physical function, pain interference, sleep disturbance, fatigue, and depression were worse than the general US population. Fatigue is a commonly endorsed symptom by patients with RDs [24] [25] [26] . Despite a high mean T-score in the phase 2, fatigue was excluded as a domain for phase 3 as the clinicians felt it was multifactorial with many putative causes, and hence, difficult to intervene at different levels of severity in a majority of patients with RD [27, 28] . A critical aspect of our study was that clinicians had to choose domains across patients with different RDs, keeping in mind how they could intervene in routine practice if these domains were impaired. This may have prompted them to exclude fatigue. A goal of this study is to incorporate chosen PROMIS measures into EHR to enable practicing clinicians to use these measures at the point-of-care in the RD population. This step in turn requires the inclusion of actionable options to guide clinicians in the management of RD patients who report varying severity of impairment in chosen PROMIS Measures. Based on input from the providers, we have developed a PROMIS report card that alerts providers if the scores are in the "concering zone," usually reflecting the severe problem scores in Table 3 , where a provider may decide to intervene (such as referral for physical therapy, increase immunosuppressive therapy, referral for joint replacement). A similar approach has recently been described in gynecological cancer patients receiving chemotherapy [29] . These patients completed PROMIS CAT assessments and psychosocial needs assessment on a secure website up to 3 days prior to a clinic visit. Patients who were unable to complete the assessment were asked to complete a survey in the office on the day of appointment. PROs were automatically scored and saved in the patient's EHR. Scores that exceed a predetermined and validated threshold for severity were flagged within the EHR, and generated an automated message to appropriate staff. This approach has been recently endorsed in yet another oncology study and also in the PCORI-funded users' guide [17, 30] . In the study, PRO data were circulated by internet survey to cancer patients/survivors, oncology clinicians, and PRO researchers. The data were color coded-normal score in green and concerning core in red, with red threshold lines between normal and concerning. The interpretation by survey responders was more accurate when PRO data were presented with threshold lines indicating normal vs concerning scores.
In our study, we observed a consistent pattern of divergence in the cut-points across the different domains as scored by patients and providers, in that patients ranked cut-points at lower level of impairments than did providers. Except for pain interference, there was some divergence across all severity levels in sleep disturbance and depression, and at higher severity levels in physical function. These findings are consistent with other reports of discrepancy in symptom ratings between patients and clinicians [31] . This divergence can be partly explained by the fact that sleep disturbance, depression, and functional impairment are problems which many RD patients experience and live with, yet providers may be less familiar with these problems. Patients and providers may emphasize different aspects of the symptoms or different latent constructs of a given domain. Hence, the responses may be contradictory. Since the providers' focus group was conducted on the day after patients' group, we asked the providers why there may be differences in the cutpoints. Providers felt that higher specificity was needed for cut-points that warranted definite intervention (as in moderate and severe problems in physical function), for which red flags would be raised in the electronic medical records. However, when our study is compared to studies establishing cut-points in MS and JIA cohort, which employed a similar 'bookmarking' methodology, there are observable differences. In the MS study, congruence in the cut-points was noted between patients and providers across all chosen domains [14] . In the JIA study, congruence in estimated cutscores across panel groups (patients, parent, and providers) was noted for upper extremity function and fatigue; however, some divergence was seen for mobility and pain interference. When there was divergence, patients chose cut-scores at highest dysfunction and parents at the lowest dysfunction for severity classifications [16] . The second observation is in the 'mild problem' category where the scores are less impaired in our study. For example, in the PROMIS physical function measure, the T-score range in 'mild problem' category in our study is 65-45 (patients) and 60-45 (providers). In MS study, T-score range is 50-40 (patients and clinicians), and in JIA study, the T-score range is 40-30 (patients) and 45-30 (clinicians). Both these observations could be due to a principal difference between these studies and our study-the cut-points were decided by patients and providers from the lens of an actionable intervention in clinical practice (in our study). In an oncology setting, although a parallel methodology was not employed (patient and physician paper-based surveys with a different scoring system), interesting observations may be noted [31] . When reporting of symptom severity between patients and physicians was compared, the agreement was higher for symptoms that could be observable directly and needed active management, such as vomiting and diarrhea, than for subjective symptoms, such as fatigue and dyspnea. So, the important question to consider in future research is whether patients and providers choose cut-points differently when the anchor of intervention is taken into account.
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There is another observation which seeks clarification. Some of the scores in the 'mild problem' category are below (denoting better scores) the standardized mean of the US general population. For example, the T-score range for sleep disturbance in the 'mild problem' category is 35-45 (patients) and 45-55 (providers). The score range by patients is below the population mean of 50. Firstly, the US general population is a 'representative' population with a mix of both healthy subjects and patients with chronic medical conditions. Secondly, the clinical vignettes were created based on symptom severity obtained from real-patient data in phase 2, and taking into consideration the minimum and maximum scores for each measure. Our RD patients felt that the sleep disturbance vignettes representing a score range of 45-60 needed a higher level of intervention compared to those in the score range of 35-45. Again, the intervention aspect may have influenced to include a larger score range in the 'moderate problem' category.
This study has many strengths. We followed an iterative consensus methodology which was data driven. Thus, our study serves as launching pad for PROMIS measures in a large academic setting with EMR capabilities. Second, a wide range of PROMIS CAT measures were administered in patients with various RD. Third, a representative patient sample with a diversity of RD was enrolled and real-person data were used to develop our scenarios. A mix of providers involved in the care of RD patient was enrolled for participation in the provider group (rheumatologists, nurse practitioners, occupational therapist). Finally, this is one of the few studies to establish cut-points at different levels of severity for chosen PROMIS measures in such a diverse patient population.
The study is not without limitations. First, we did not seek input from patients regarding the choice of domains and development of scenarios for phase 3. We based our decision on which domains are important on the judgment of the clinicians, who considered what was within the realm of rheumatology care and actionable in day-to-day practice. The choice of domains was based on published data indicating the relevance of these domains in RDs [20] [21] [22] . The PROMIS physical function measure has been endorsed by the American College of Rheumatology for functional status assessment of RA patients at least once a year [7] . Second, we did not capture disease activity and severity of the patients who participated in the focus group and how their current status may have affected their ranking.
Conclusions
In conclusion, this study describes the reporting of different PROMIS CAT measures in the RD population. Parallel exercises identified the cut-points from the perspectives of patients with RD, and the clinical providers who treat rheumatic diseases. This allows for meaningful interpretation of PROMIS ® measures in a clinical setting in RD population. Further work is focused on incorporating these cut-points into clinical practice and its impact on clinical care.
